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^]o]7] AjlA-l* <^l-§-^>^ 7]:^ AHo^ ^^^^^ 

^ ZL ^^{Gap measurement device for measuring a gap between a mask and a substrate 
using a laser displacement sensor, and measuring method thereof} 

£ 1^ ^Hfl 7l#oil 2^1-^ CCDl- ol-g-tb ^^11- ^i^^V7l ^tl: £ 

-£ 2^ ^ ^'^<H1 Sltt S-^lt!- S-^olt^-. 

-£ 3^ :£ 2^1 ^J-^lofl ol-g-^ B^jol^^ ^^^^i^ ^ ZL 7]^ 

£ 4^ ^ <a ^«fl S. 23^ ol-g-^ o. 

:£ 5^ ^ ^l'>il £ 2^ ^>^1» o]-g-tb :<i:^ 

£ 7^ £ 2^ ^J-^ll- o]^^ nil ^^V^H^^l^i ^^^1 <a<^^ ^4-^ eflol^-i ^ 
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<8> ^ ^^'^^ avs^l ^ c1^1-5fl«^l ^<^1 ^^*>^ h^^ ^>§<H1 <:'l-g-Sl^ 

^^1 ^ ^ ^ih^'^fl ^tl: ^-2.^, ^'Hl^l-Tll^ o>iasq- Afojo^ 

# ^^*>^ ^^1 ^ O. ^Jr^<^] ^ojcf. 

<9> 7l#^ ^^^^^><^ «^^-S.>!iSAi ^ c]i 

-^l^^VS. ^-g-^Vcf. itl-el-A-l, >a-7l ^^<^1^ ^}^3.^ 7]:^ AHo^ ^^^^ 

<io> £ 1^ f^efl 7]^o\] 2^}^ CCDCCharge Coupled Device)* ol-g-tb ^^ 

<11> ^^1^0.5.^ ^Sflo^ ^^HlA^^ ^lol^^^7l(51)7> 5llc>l;5l«3-g: ^AVs:>^ Efl 

^11 ^^(53)1- ^11 ^A].;g(55)oil o^tj) n>>^ia(M)5q- 7]:^ 

(S)<^1 iE^^M] ^cf. ^V7l eflolxiw]^ o^w^ p>>;3(M)^ <^>!J}^<HlAi aVAj-slJi, ^-^ 
^ 7l:^(S)Sl ^^oIlA^ «]-Al-£lol z^-zl- 4^ ;^12 H]-A>:^(61)oll ^^(63) 

» ^IM-Tll ^4. 2^1--^ CCD(65)^ ^7] cf^- ^SS. ^o]^ ^ 7flo^ eilo]x-1tii5l ^^g- ^ 
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<i2>zL^c-ll, £ i$\ ^V^ 2^]-€ CCD(65)» <^]-%-^<^ ^^}^ ^]o]7;\^^o] = 

neiM-. 1^ 7}^o] M]^}jL 

^ ^^l<Hl^i ^^^1 ^>^* ^ ^^o] o;^cf. 

<13> nl-el-Ai, ^ ^Tgol ol^ji^V ^1-^ 7l#^ 52l-;^l^ ellol;^! ^A^s. ^^1 

oflAi nV^^^fil- 7m ^H^ I]:^^ ^V^*>i ;^-l^*>7ll ^^^^ ^ ^^11- 

<14> at!-, ^ ^^<^1 oWJI:^} 7^^^ s^;^^ ^]o]7] ^JA-Is. x^\^3. S£ 

^ 71:^ ^» ol^^V^^i i^l-ii^^fil- 7m ^H^ :?}-^S^1-JL ;^i^^l-7ll ^ ^ 

<15> .^71 71^^ 3^y^]m: ^A^*>7l ^^c^, ^ ^tb ^^1^ 

'i^H^ p>ia^ 7m ^^^] ^^1*1-^. nf^iHsq- 7m ^^<=^1>H ^^<^l-^*>'3 

Bfl^l^i^* ^Afsrl-ji ^7l r^l^iB.^ 7m<HlAi Z^-z^ ^VaI-SIo^ #o>^^ eflol^^^Hlo^ ^ 
e-Tls ^^t!: 71 El 21:^ ^^s. ^71 T3>^a^ 7m ^}^]^ 
£fl<^l^i ^Al» 
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Si^. '^^i-^^ ^^1<^1^ ^7] 'S^^ i^l^ ^ 

x^i^eflo] ;^^17> <a^5l<H ^ 9X^. ^7] ^]]<=>]^^ ^JA^7> ^^^^ ^^^^ 

^■1^*>«^ ^7] p>^H5q- 7l^ A>oio^ ^v^^ ^^K+^v^ 7l^^ ^m}^ ^H^» S 

^7l r:f^ 7l#^ ^^^7] ^t}<^, ^ ^^^oll sit!: ^J-'^^ <^^j 

^7] i]]o]7;\ ^A^o^ 2)--^ 7] el oil -^71 p>>i3i4 7]^^ eiloip^i 

^>^1^ 7lel# ^J-7l ^]]o]7^ ol-g-s:>C^ ^1-71 P>>t3# ' 

^l-§-*><^ ^^7] ^>^3^ <^>^^«fl ^^1*1-^ i^-Vr^^^L Bllol;^-]Hl^ ^^Af^l-ZL ^ 

71 n>>i3 2ll€<^l^i ^><«l-sl<H #<^>^^ ^lol;5l^oi ^7^^ ;j,^2 Tle)^^ ^■ 
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^ ^VcJ-^VtII n>>.ssq- 71:^ A>oloi o;it:^^ 

<2o> oi^>, ^ ^Ajofl^ ^^-s] zielM-. cf^<Hl 

7> nf-S-'^'fl -MAl<^loil tb^sl^ <i>Mcl-. ^ ^aHI^ 'a?^l<=>1]Ai 

<2i> £ 2^ ^ ^^<H1 ^t!: ^^]Mr £A]tb JE^ojcl-. 

<2'2> ^^I^O.^. ^ :^V:^ tgo^^^ 7l^(S) ^ 

^^V:^i3.(M) eflol;^! ^a-1(iii)7V ^^l£)c>] o;[i:f, >^V7l 7l^(S)^ 

-§- 7]%o^s. ^^^^ ^ SZji, ^oM H^3(M)fe -B-el 7]^^^ ^-^^^ ^ ojcf. ^1-71 p]- 

ia(M)^ ^2j.s>^l P>iH srfliiol ^^^^ «^^(M1)54 ^>>i3 n^o] 

^1 '^^(M2)ol c^z^^ .^71 s^lol;^-] -dl-HClll)^ ^A>^>jl 

- ^7] n>i:a.(M)M- 7l^(S)<^lAi ^o}^^ efloj^-jwjo^ ^^^o] ^gj-S 

r'>i3(M)M- 7l^(S)A>o]5l ^^^1-^ ^rf. ^7] ^]o]7^ 1^0^ ^JlAi(lll) 

^ cfl^#^l<Hl 5)1<^1^-1«J* ^a>b1-^ ^1<^1;^113 1:11^1-^1 <^lAi ^>^>sl 

<H ^^^^ ^]o]7^'n ^^1 ^#^5. ol^o^;^rf. ^ 

71 ellol;^-!'^^ ^A-l(iii)o^ ^ ^V7i efloi^i ^JlAidiDl- Ol-g-*]- 7^^ 
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>a-7l D>>,H(M) 2E^ 7]:&(S)5!)- X-Y ^^^iJl. O. ^^o\] «J- 

*c^^ Z «oH^o.^ ^7] ^}:^3.(.m 7l:e:(S)^ X«oHt 'y=#<^i ^^is^v^a^i Y 

lJ-*j=o.s. -^71 ^]o]^] -a^^iCllDl- ^ ojTll 7>o]^ Y«J-^ o] 

-S- 7>o] = (ii3)7> -g^lSlcH ^1=1-. Y«J-^ o]-^ 7H = (ii3)oll ^l^l^ji, Y«J-^ o]^ 

7>ol = (ii3)ofl nj-e} Y«J-^^S. o1-^5]d^, x«j-1}= o]-^ 7>o]^ t}^ y^j"^ o]^w. 

(115)7> ^^ISjcH 9X^. ^7l YIJ-^ ol^«-(ii5)ofl ^tfl xU-*j=^S- <5l^Slo^ Z o] 
^ 7>ol^ X «c3-^ <^1^^(117)7> ^^15)<H ^cf. >^7l X«J-^ <:'1=S^^(117)<^1 

^l^lSjjl Z«o^«J=-2.S eflo];^-] 111)1- ^3}-*>^ Z«J-*j= <^1^^ 

(119)7> ^d^l^l^H ^cf. 

^71 Y«J-^ <^14^^(115)^ ^7] ^lo];^-! €^i(lll)« -^7] x.>>ha(M) 7l 

^-^(117)^ -^>7l Z]]o];^ ^J^iCllDl- nl-^^HCM) lE^ 7]%iS)s\. ^gs^^ 

^<^Mi 7>S. «J-^(X o]:^^ ^ oXp]] ^c^.. Y«j.^ ol^«.(ii5)<2^. x«J-^ o] 

4^-^(117)^ ^^idlDl-, ^^t}jL7]- o]^X\f]^ 

^ ojoi] vc^^^ YBj-^ c,l=|.H-(ii5)sq- x«ol-^ <^1^^(117)<^1 ^sfl ^>7l eflol^^l 

^>^i(lll)^ ^}^^3.(M) ^}^3. n^o] ^A^^ <^^(M1)4 ^}^^3. sfl^o] 

'^^(M2) A>ol^ o]:^^ o^r]., 

^7] Z«J-^ <^l^-¥-(119)^ ^7l eflol;^! ^^i(lll)S|- T^'l-r^^i^CllDsq- 7l:^(S) A> 

ojo] T^s^^ ^^^^ o^^Tll ojo]] rcj-e^-, ^7] Z«o^*J= <^l^-¥-(119)^ p>r^iH 

o>Bi5^3). 7l:a:(S)2l -^^o] eilo]^^ (111)31 ^^7]^ ojoil l-^Hii- 
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<26> Ci^H, ^7] i]]o]7] 111)011^ ^7] d] o] 'S'^i ( 111)7]- n>^3(M) 

^ <^>a- ^^1(121)7]- «?!^£l«H ^n]-. ^7] ^^ ^J-^l(121)o1]^ ^7] 

"^^^ (121)011 Ai ^CH^ <^^^ SA]^ ^ oj,^ ^^l-5lloUl23)7> $i 

cf. i^>,s.eflol( 123)011^ ^1-71 i.]]o]7^ -^^-1(111)71- #^^>fe 

^i^*H ^7l n>>^^3(M)sq- 7l:a:(S) >^>olfil ;Nl'a:*>^ 7]^^ ^«8*>^ ^l^H^ 

(125)7> <^^s\o] ojcf. 

<27> i 3^ £ 2^ ^^1<H1 <5l-§-^ eflol^H ^^/dl^i^ ^ :i 7]^ 

<28>^^l^o.s, ^ ^T^oi] ol-g-^ eilol;?] 221 111)^ tfl^i-l-^l(211)<^l 

efl^l^i^(217)* ^^AV^V^ ell<^l^-1'l3 4i>^^(213)sl- tfl>^#^l(211)ollA-1 aVA>£|o] 

efl<^l^i'^(217)^ ^<^} ^^11- ^#*>^ ^^1 ^#-¥-(215)^ 

•^l^'H^^. ^^-71 ^]o]7;\ -g^^^ sflol^i^ 4i^^(213)oflAi ^A} 

^ sllol;^^i|](217)ol 7l§^(219)'Hl>H <a^^ ^^S. v^^}^<^ ^^<^}Si.^ efl^^l^i'l^ 
^^1 ^#^(215)<^lAi n ^^ll- y^^Mc^ ^^^^^ 7l$7lel^ ^^^Vt:f. nei 

^1(211)71- o]^^}c^ ^o,^ eflol^-1«l o^^l ^^«.oflA-^o^ 

^^17> ^21-^1711 £]JL ZL :^l-ol# ol-g-^rVcx^ cfl>a-#^l (211)2] ^^(7]el)* 

<29> :£ 3011 iEAltV Sflo];^^ ^A^o^ ^^^^ Tjl^Vsl-^^ t:]-^^!. :^t:f. £ 3011^] o>e1]s]. 

[^n^ 1] ifl^l 4J21- ^;^17> A^^^Vc]-. 
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<31> _ 

f-t}^^ 2] ^^^1 — <^o^e i-i-<^3 c:^ot:e 1 

'''' [^^-^4 41 =^sirxe , 

<34>>a-7i [^41-^ 1], [^n^ 2], 3] ^ 4]!-^ ^^^^ D<Hi 

cf^sf [^t)-^ 5]7> €rf. 

<35> 
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#2fl^ ^^l<^1>^i^ T^>^a(M) 6>^i^oilA^ a]:A>5]^ efl<^l^i^:2l- 7l^(S)^ ^ 

^(S) Aj-ojo^ ^l-ar^Vx]!?):, ^ ^^oil,^fl-§-^ ^]o]7] ^^i^ ^<^1 71] 

:iiaSl- 7l^ A>C,lo^ ;^l^tbl^. 

<37> £ 4^ ^ ^^31 <a o^Hl o^sj] £ 2^1 ol-g-tb «^Vig^ 

<38> ^^la^ S. 2^1 ^l-^]o^ X«j-*j= <^1^^5'1- Y«J-*^ ^l^^l- <^l-§-^>^ <a 

cl-(^^^ 300). 
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7lS]l- S^^^t:f(^^ 320). 
<40> cf^ofl, >^7l eflol;^^ ^A^* ^7] n}^3.^ 7]^ >^oilA-1 ^3gol^^>^A-1 ^o] 

^AV5>JL -^>7] P>^3S!f 7]:^o\]^^ z^z]- aVAVslo^ l-o]-^^ eflol7H«l^ ^^1 

<4i> S 5^ o^M S. 22] :?>^ ^^l* ol-g-tb 

400). 

<43> ojo^A-l, ^A^o^ 3l-:^7^5^o11 £ 25] Z«J-^J= 

s^t!:i=f(:i^^ 420). 

ol <^^(M2)2] 7]:^ ^^^S. ol^Al^t:f(440). oJo^a^, ^7] eflo];^^ ajIa-]^ 

aj^oil^i a]-A>s]ol l-o>^^ eflol;^-]ajo| ^^^m. ^7^^ T^e)^^ ^^^4. ^ 
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^1 ^«fl, n^^] 'g^(M2)ofl 2fl<^l^i'?^^ ^^^-6: ^^^}7\] t}^ 

i\]o]7.] ^A^^ 7l^(S)^ ^^^W^l Tie]* 460). 

^ "^^(Ml) ^^S, o]^X\^x^(^^^ 480). <^l<H>««i. ^]o]^^ ol-g-^Vo^ 

>a-7l PfiHS] oV^i^oll ^^lBr>^ uV^ia sfl€^.^S. ^7] n>>ia 

^^-^l^i ^VAl-£)ol l-«^>-2-^ eflol^^ajo] ^^js. Tjej^^ ^^tVcf. 

^1 ^71 dV>iS 3|1^o1 «^^(M1)^ £11<^1^-11J# ^^^>*H Tlslat^ ^^*>7fl 

500). 

<46> cf^ofl. ^7l 7]^^s\- ^12 7lE]^5l ^H^. n>iH^ 7l^ A>olo^ 

^ ^^W. ni-Ai p>>ia(M)s] o>5j^4 7l:^(S)^ ^^^H^ 7le:is] ^i-7> ia>s. 

t'l-:iia(M)5il- 7]^(S) A>olo^ ^^o] ^tq-(>;^ 520). 
<47> £ 5^ £ 6<H1H^. ^A-l7l- n>^a Bfl^oj <^^(M2)«^lAi 7]^^ 

^ A>olo^ O.^ ^;^3l.o^4 ol<4^ ^cflS., eflo]^^ ^Al7> n>>,a. j^l^o] o;^ 

s->«^ Zi TlEl^V* i3>^35q- 7]^ A>o]o1 :?]:^ ^«<}-*>^. 
<48> £ 7^ £ 2^ ol-g-^ nfl p>iH<HlA^ <^o]y^ ;g o-o^ eflol^ ^ 

^ ^-^i^ ^B]# ^^*>7l i£^<:>14. 
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^ ^^^1 ^^«fl io><^> tl-cf. £ 7«HlA-lfe ello];5li^ol n>i3 jiD^ol oj^ ^>^^S|cH 
^ <^^(M1)<^1A-1 ^^}S\o] 5l]ol^-]Hj #c>^7>^ v\^^3. sfl^o] o^cf 

j^^^, W^=i/icotei+2fcot02+2^cot0i+<i2cotei 

<54> ^1-71 [^«|-^ 6] vflxl [^«?-^ 9]» n].>.H(M)^ 7l:^(S) ^}o]B\ ^^o] gofl cfl^fl 

#^ cf^4 [^«}-^ 10] o] ^i:^.. 

<55> 

cosG, cos9i 

W- =Xsin0 1 = { 2g+(<5?2-<^3) > cote ^ =2g . -A^cosO 1 — — - 
loi smQ^ sinGj 

<56> oio^Ai, [^^^ Q^s^ [^^^ 10]^ ii]<^i 

<57> 2 2 

l-tj-^ 11] ^^"^ ei=2^co^0i-Xcos 01 

<58> ^Jifaj o.^, [==^4}-^ 11]^ ^^el^V^ i^^^ 12]7> sic)-. 
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-A. 

<60> [^^^ 12]^ 9i:<Hl'^i /Nl^V^ ^VH-^ ^^cfl^l-^]7V D^^ o]-^^^ °fl 

<6i> «>sq- ^^1 ^ t'V^HSl- 7l:& A>olo:i eflo]^^ aJIa^^. ol^3r>c^ 

^*>^ ^V^*>7ll T^>^3.sq- 7]^ A>ols^ o;ijl, m«l ^ 
^^I'Hl^is ^^^] ^^^^ ^^^^ ^ 9X^. 
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m^s. c>]^^ ^9X7]] Yi]-*g= ^^js]^ ^^-^s 

21 

Si^ ^7l -^^ -^l^l* Aiz]-a^ o.^ ^o]^ o^j£s. <^>^ ^s. ^^i7> <a 

$1^ ^^^S. t}^ ^^]. 
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^12%H1 SX^M, ^7] ^s. ^^loil^ Aj-7l c^^ ^^^]<=>\]^^ '^o]^ c^^4, 

S.^m ^ 9X^ ^^]7} <^:^^o] oj^ s^lo.^. . 

l^^^J- 4] 

^^1 . 

»11%H1 eflol^i ^-^i* ^4^711 ^ul^H -^^l^^Hl <^e.i 

* ^ Si^ ^^i-^S. sr>^ ^^1. 
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^fe T^>^3 ^ 7l^ >a-^sl <a;^ ^^is. ^]o]7;\ o] 
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^7l eflo]^-] ^^^^ ol-g.^>ol .^71 T^>>^H-1- -f-4^>^ ^7l 7l^ ^1^^-2.5. 

eflol;^-lHi^ ^A}^}31 ^7] 7]^ ^^o\]A^ ^o\^^ i]]o]7;\u^o^ ^^]^ ^ 

7]s. 7isi^^ ^^1; 
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^7] jSi]o]7] ol-§-*H D>^as^ o>!g^oii ^^i3:>^ v}^3. 

^0.5. eflol^i«]^ ^A>^>ji ^1-71 u}^^3. sfl^oiiA-^ a]-A>i)oi l-o>^^ efloix-l«io:| 
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